Abstract. Myristoylated alanine-rich C kinase substrate (MARCKS) is a protein kinase C substrate functioning in different physiological and pathological mechanisms. Previous studies have suggested that MARCKS is capable of influencing tumorigenesis and progression. However, a limited number of studies are available regarding the role of MARCKS in oral squamous cell carcinoma (OSCC). The present study primarily examined MARCKS expression in the OSCC tissues. Furthermore, increased expression of MARCKS was confirmed in the majority of OSCC tissues. Increased MARCKS expression was correlated with more advanced tumor stages, lymphatic metastasis and a poorer overall patient survival. Further molecular mechanistic examinations revealed that downregulated MARCKS expression inhibited the proliferation and migration of OSCC cells in vitro through interruption of MARCKS expression. In addition, the present study demonstrated that MARCKS aggravated OSCC progression via the phosphoinositide 3-kinase/protein kinase B pathway. Accordingly, the present study considered MARCKS to be a promoter of OSCC tumorigenesis and progression, with the potential utility as a biomarker of a poor prognosis.
Introduction
Oral cancer is a common malignant tumor observed in the neck and the head area (1, 2) . Oral squamous cell carcinoma (OSCC) is among the most frequent pathological types of oral cancer (3, 4) . Despite recent breakthroughs in surgical, chemoradiotherapeutic and biological treatments, as well as molecular targeting therapy, the long-term therapeutic impact remains poor (5, 6) . Additionally, the clinical signs of ~2/3 patients with OSCC in the early stages are not distinguishable as the disease is typically diagnosed in the advanced stages (7) . The early diagnosis and treatment of OSCC serve substantial roles in the improvement of the prognosis and survival rate of the disease (8) . Accordingly, the detection of new molecular markers is suspected to be vital in the improvement of the prognosis of OSCC.
Myristoylated alanine-rich C kinase substrate (MARCKS) is regarded as a renowned specific substrate of protein kinase C, extensively observed among different human tissues (9) . MARCKS is known to participate in cell motility, phagocytosis and membrane trafficking, as well as mitogenesis (10) . Notably, previous studies have shed light on the likely involvement of MARCKS in the tumorigenesis and progression of different malignancies, including brain cancer (11) , thyroid cancer (12) , colon cancer (13) , melanoma (14) , glioblastoma cancer (15) and cholangiocarcinoma (16) . However, relatively few studies are available regarding the role of MARCKS in the proliferation of OSCC.
In the present study, the levels of MARCKS protein and mRNA were investigated in the OSCC tissue using western blotting and reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The present study also evaluated the association between the expression of MARCKS and the prognosis of patients with OSCC. Additionally, the potential molecular mechanism of MARCKS promoting the progression of OSCC was also further analyzed.
Materials and methods
Tissue specimens. In the present study, OSCC tissues were immersed in 4% formalin for 4 h at room temperature and then were embedded in paraffin. Subsequently, the tissue specimens were cut into sections with a thickness of 4 Immunohistochemistry. The MARCKS antibody (catalog no., ab52616; Abcam, Cambridge, MA, USA) was used to detect MARCKS expression. All sections were gradually deparaffinized and rehydrated with xylene (twice for 10 min each time) and ethanol (100%, twice, for 5 min each; 95%, 5 min; 90%, 5 min; 90%, 5 min; 85%, 5 min; 75%, 5 min) at room temperature. Antigen retrieval was performed by heating the sections in 10 mM sodium urinary citrate at 95˚C for ~30 min. Additionally, 0.3% hydrogen peroxide was applied to block endogenous peroxidase activity for 10 min at room temperature. According to the manufacturer's protocol, the MARCKS antibody was diluted at 1:200 and was added dropwise to the sections, which were subsequently incubated overnight at 4˚C. Subsequently, the avidin-biotin-peroxidase complex (Shanghai Guge Biotechnology Co., Ltd, Shanghai, China) was used for staining. PBS or normal mouse serum was applied as a negative control. All sections were subsequently counterstained with hematoxylin for 30 sec at room temperature. Next, images of each of the sections were captured. MARCKS expression was scored using a semi-quantitatively immunostaining score system that was subsequently used in the evaluation of the intensity of staining and the percentage of stained cells. Additionally, the percentage score of stained cells represents the proportion of positive cells: 5, >75% of cells stained; 4, 50-75%; 3, 10-50%; 2, 5-10%; 1, <5%. The staining intensities of stained cells were scored as follows: 0, no staining; 1, weak positive staining; 2, moderate positive staining; and 3, strong positive staining. Subsequently, the overall score was calculated by multiplying the percentage score by the intensity score (0-15). The expression level of MARCKS (high or low) was determined by the total score as follows: high expression, ≥7; and low expression, <7. Independent investigations of all these scores were performed by two researchers and the average score was statistically analyzed. Subsequently, the OLYMPUS light microscope (BX41; x200 magnification) was used to capture immunohistochemical images.
Cell culture and transfection. Two human oral squamous cell carcinoma cell lines, Cal27 and HN12, were cultured in Dulbecco's modified Eagle medium, containing 10% fetal bovine serum (FBS), 1% penicillin and streptomycin, in a dampened atmosphere of 5% CO 2 at 37˚C. RNA interference short interfering RNAs (siRNAs) were obtained from RuiBo Biology Co., Ltd. (Guangzhou, China). Two siRNAs (siRNA1, 5'-CTA CAC TTG GGC TCC TTT T-3'; and siRNA2, 5'-GGU GCC CAG UUC UCC AAG AUU-3') were used to reduce the expression of MARCKS. However, OSCC Cal27 and HN12 cells transfected with siRNA1 exhibited higher knockdown efficiency than those transfected with siRNA2 (data not shown). The empty control cells were transfected with non-targeting MARCKS siRNA (5'-CGC ACC AGA ACA AAC ACA UU-3'). In order to deliver the targeted siRNA, Cal27 and HN12 cells were incubated at 30-50% confluency, followed by the addition of 20 nM siRNAs supplemented with 5 µl RNAiMAX (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
RT-qPCR. Total RNA was extracted from the cell lines using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The absorbance of RNA was measured at 260 nm using a NanoDrop spectrophotometer (ND-1000; Thermo Fisher Scientific, Inc.), in order to determine the total RNA concentration. Reverse transcription of 2 µg total RNA was conducted using the Prime Script RT reagent kit, gDNA Eraser (Takara Bio, Inc., Otsu, Japan). According to the manufacturer's protocol, the ABI 7500 fast real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) and the SYBRGreen PCR Master mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) were used with a first step at 95˚C for 10 min, followed by 40 cycles with 95˚C for 15 sec and 60˚C for 1 min, with a fluorescent reading at the end of this step to amplify the specific genes. The primers were as follows: MARCKS forward, 5'-AGC CCG GTA GAG AAG GAG G-3' and reverse, 5'-TTG GGC GAA GAA GTC GAG GA-3'; and GAPDH forward, 5'-CGT CCC GTA GAC AAA ATG GT-3' and reverse, 5'-TTG ATG GCA ACA ATC TCC AC-3'. GAPDH was used as the interval control to calculate the relative expression level of MARCKS using the comparative delta Cq (2 -ΔΔCq ) method (17) . Furthermore, independent determination of each sample was performed thrice, and the mean value of the expression levels was calculated.
Transwell assay. Transwell cell migration assays were performed in 24-well plates with 8.0-µm permeable polycarbonate membranes. Matrigel inserts were used (BD Biosciences, San Diego, CA, USA). Cells were subsequently diluted with serum-free basic culture DMEM (Gibco; Thermo Fisher Scientific, Inc.) at 5x10 5 cells/ml, followed by transferring 0.5-1 ml to each Transwell using pipette guns. Additionally, culture medium with 10% FBS was inserted into the lower chamber wells. Subsequently, the wells were incubated at a temperature of 37˚C in a moistened cell culture incubator for 24 h. The non-invading cells on the upper side of the membrane were removed by scrubbing. The invading cells were fixed with 10% formalin for 10 min, followed by staining with 0.1% crystal violet for 20 min at room temperature. The OLYMPUS light microscope (BX41; x200 magnification) was used to capture images.
Cell colony formation assay. Cells in the logarithmic phase were diluted to 1-1.5x10 3 cells/ml by 10% FBS culture medium, followed by drop by drop addition of 1 ml to each well of 6-well plates supplemented with 1 ml culture medium. Subsequently, the cells were incubated at a temperature of 37˚C in a moistened cell culture incubator for 2 weeks. The culture medium was replaced with new medium. Following washing with PBS twice in 2 weeks, the cells were fixed with absolute methanol for 15 mins, and staining with Giemsa stock solution for 10 mins at room temperature.
Western blotting. Radioimmunoprecipitation assay (Beyotime Institute of Biotechnology, Haimen, China) for the purpose of lysing the accumulated cells and the protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland) was added in order to prevent denaturation. The cells were incubated on ice for 30 min. Next, the samples were centrifuged at 12,000 x g at 4˚C for ~30 min. Subsequently, the total protein concentration was determined using a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology). In order to break the protein structure, the protein was heated at 100˚C for 10 min. Subsequently, equal amounts (40 µg) of protein were added to each well of 10% polyacrylamide gels. Following electrophoresis, the protein was transferred to nitrocellulose membranes, followed by blocking in 5% bovine serum albumin or 5% skimmed milk diluted in Tris-buffered saline Tween (TBST) for 2 h at room temperature. Next, the blocked membrane was incubated with the following primary antibodies: MARCKS (dilution, 1:1,000; catalog no., 5607; Cell Signalling Technology, Inc., Danvers, MA, USA), phosphoinositide 3-kinase (PI3K; dilution, 1:1,000; catalog no., 4292; Cell Signalling Technology, Inc.), protein kinase B (Akt; dilution, 1:1,000; catalog no., 9272; Cell Signalling Technology, Inc.), phosphorylated PI3K (p-PI3K; dilution, 1:1,000; catalog no., 13857; Cell Signalling Technology, Inc.), p-Akt (dilution, 1:1,000; catalog no., 9611; Cell Signalling Technology, Inc.) and β-actin (dilution, 1:1,000; catalog no., M20011; Abmart Co., Ltd., Shanghai, China) at 4˚C overnight. Subsequent to washing the membranes with TBST, the membranes were incubated with a horseradish peroxidase-conjugated donkey anti-goat secondary antibody (dilution, 1:5,000; catalog no., KC-RB-035; Zhejiang Kangchen Biotech Co., Ltd., Wuhan, China) for ~60 min at room temperature. Following washing of the membrane with TBST, the membranes were visualized using an enhanced chemiluminescence kit (Thermo Fisher Scientific, Inc.), followed by capturing the emitted signals using KODAK X-OMAT BT Film (Kodak, Rochester, NY, USA). The gray value of the protein was measured by employing ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. SPSS statistical software (version 13.0; SPSS, Inc., Chicago, IL, USA) was used to analyze the immunohistochemical and clinicopathological data. Data are presented as the mean ± standard deviation of at least three independent experiments. Student's t-tests were used to compare the levels of MARCKS mRNA in tumor and corresponding peri-tumor samples. Additionally, χ 2 was used to compare immunohistochemistry results and clinicopathological factors. The analysis of the survival curves was performed using the Kaplan-Meier method. The long-rank test was used for the determination of the discrepancy between different groups. Furthermore, the Cox proportional hazards framework was used to analyze the survival differences among various groups. P<0.05 was considered to indicate a statistically significant difference.
Results

Abnormal expression of MARCKS in OSCC tissues.
In order to investigate the function of MARCKS in the advancement of OSCC, the evaluation of the MARCKS mRNA and protein expression levels was performed in the OSCC and the corresponding normal tissues. The results of the present study suggested that the higher protein expression level of MARCKS was observed in the cytoplasm of tumor cells in 87 cases (67.9%) and in the cytoplasm of matched peri-tumor normal cells in 21 cases (16.4%), a difference that was statistically significant (P<0.001; Fig. 1 ). The same results were observed in the assessment of MARCKS mRNA in 27 patients with OSCC using RT-qPCR (Fig. 2) . For further assessment of the use of MARCKS expression in the prognosis of patients with OSCC, retrospective analysis of the follow-up data of 128 cases was performed. Fig. 3 demonstrates that the OSCC patients with higher MARCKS expression exhibited improved overall survival (OS), as determined by Kaplan-Meier analysis (P<0.05). In addition, univariate analysis demonstrated that the high MARCKS expression level was an independent prognostic factor for a poor OS (Fig. 4A, HR=0 (Fig. 4B, HR=0.37, 95% CI=0.19-0.70, P=0.003) . In brief, the results of the present study demonstrated that the Table I . MARCKS expression in relation to clinical and pathological factors in 128 patients with OSCC. expression pattern of MARCKS in OSCC can be applied as an independent risk factor for the prognosis prediction of the disease.
MARCKS is associated with lymphatic metastasis and a poor prognosis of OSCC.
MARCKS expression -------------------------------- Low
Inhibiting the expression of MARCKS decreases the mobility and proliferation of OSCC cells.
In order to investigate the fundamental molecular mechanisms of the MARCKS-mediated progression of OSCC, siRNA was used to decrease the MARCKS expression in the OSCC Cal27 and HN12 cell lines. Transwell migration and invasion assays suggested that the downregulated expression level of MARCKS expressively inhibited the tumor cell mobility compared with that of the control cells (Fig. 5) . Furthermore, the colony formation assay was employed to identify the impacts of MARCKS expression on the OSCC cell proliferation. A notable difference was observed in the tumor cell proliferation between the control group and the MARCKS-knockdown group in the Cal27 and HN12 cells (Fig. 6 ). Taken together, these data indicated that MARCKS contributes toward the mobility and proliferation of OSCC cells.
MARCKS may regulate the progression of OSCC through the PI3K/Akt pathway.
It has been demonstrated that MARCKS is involved in regulating the PIP3 located upstream of the PI3K/Akt pathway. Accordingly, we hypothesized that MARCKS regulates the progression of OSCC through the PI3K/Akt pathway. Western blot analysis was employed to identify the changes in p-PI3K and p-Akt in the OSCC cell lines following interruption of MARCKS. Fig. 7 demonstrates that PI3K and Akt phosphorylation were decreased while decreasing MARCKS expression in the tumor cell lines. This result suggested that the PI3K/Akt pathway was involved in the MARCKS-mediated progression of OSCC.
Discussion
MARCKS is a protein kinase C substrate that is implicated in the adhesion, secretion and motility of cells using the regulation of the actin cytoskeletal structure (18) . MARCKS protein was primarily identified in the rat brain synaptosomes by Ueno et al (19) . A previous study reported that MARCKS serves a pivotal role in different malignant tumors (20) . Previous studies revealed that abnormal MARCKS expression is associated with the diagnosis and prognosis of patients with cancer (21, 22) . Manai et al (21) reported MARCKS-overexpression in inflammatory breast cancer, and that this was associated with a poor metastasis-free survival. Hanada et al (22) also concluded that MARCKS could serve as a potential biomarker for the human primary lung squamous cell carcinoma using high-throughput screening methodology. Furthermore, drug resistance of tumors could be regulated by MARCKS expression. Chen et al (23) suggested that knockdown of MARCKS decreased the IC50 of regorafenib in the renal cancer cells. Taken together, these results suggested that MARCKS participates in the malignant biological properties and may serve as a promising therapeutic target. The PI3K/Akt signalling pathway was involved in cell proliferation, survival, motility and metabolism, tumorigenesis, and tumor progression (24) (25) (26) . Phosphatidylinositol-4,5-bisphosphate (PIP2), together with phosphatidylinositol-4 and 5-bisphosphate (PIP3), functions as a pivotal link in the PI3K/Akt signalling pathway. A recent study demonstrated that MARCKS is persistently hyperphosphorylated by either a PKC-dependent and/or a PKC-independent manner, resulting in its cytosolic retention, as well as the accessibility of PIP2 to PI3K (27) . This further progress increases Akt activation, giving rise to tumor cell proliferation and acquired resistance. The present study developed the preliminary investigation of the effects of MARCKS on OSCC progression.
The present study revealed high MARCKS expression in OSCC tumor specimens for the purpose of being positively associated with the advanced tumor stage and lymph node metastasis. Additionally, an association was observed between high MARCKS expression and a decreased overall survival rate in patients with OSCC. Univariate and multivariate regression analyses supported the value of MARCKS as an independent risk prognostic factor of OSCC. Furthermore, the present study investigated the impact of MARCKS expression on the metastasis and proliferation of OSCC cells through the use of siRNA interruption methodology. A substantially decreased growth rate in the Cal27-si-MARCKS and HN12-si-MARCKS cells was determined by comparing it with that of the respective control cells. In addition, the present study determined apparent variations in tumor cell migration and infiltrations between the MARCKS inhibiting and control cells. These results supported the hypothesis that upregulated MARCKS enhances the malignant phenotype. With regards to the role of MARCKS in cancer, the available mechanistic studies have drawn attention to the Akt pathway. In this way, the present study also determined the associated between the protein expression level of MARCKS, and the phosphorylation of PI3K and Akt using western blot analysis.
The results of the present study suggested that MARCKS may be an independent prognosis factor for patients with OSCC. MARCKS aids in improving tumor cell invasion and metastasis via the PI3K/Akt pathway. However, more comprehensive investigations are required for unravelling the mechanism through which MARCKS regulates the tumorigenesis and progression of OSCC. and analyzed the clinical data. CJ and JH made substantial contributions to the design of the work, drafting the manuscript and revising it critically for important intellectual content. All authors gave final approval of the version to be published.
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